SUMMARY Four hundred and ninety-nine surgically excised valves were examinedfor pathological evidence of myxomatous degeneration. Thirty-six valves (7%) had myxomatous degeneration as a major pathological finding. Fourteen valves (3%) had significant myxomatous degeneration of the pars fibrosa, a finding which we define as "primary myxomatous degeneration". Echocardiographic findings and catheterisation results were correlated with the clinical course, surgical results, and follow-up in these 14 patients. Echocardiograms in 10 of the 11 patients who had them (91%) showed abnormalities suggesting the presence of primary myxomatous degeneration. Echocardiography was more helpful than angiography in diagnosis. The histological pattern of primary mitral myxomatous degeneration appears to be identical to that seen in patients with mitral valve prolapse and five of six patients with mitral lesions had echocardiographic evidence of prolapse. None of the patients with primary myxomatous degeneration of the aortic valve had syphilis or Marfan's syndrome. While the aetiology of primary myxomatous degeneration of cardiac valves is not known, a link to a more generalised disorder is suggested.
Depending on the criteria used to define the entity and the population studied, the percentage of subjects with myxomatous degeneration of cardiac valves varies widely. If one accepts the view that this is the pathology causing mitral valve prolapse,14 [16] [17] [18] [19] 36 patients were reviewed in detail by one of us (MCF) who had no knowledge of the clinical findings. In this study, primary myxomatous degeneration was defined as degeneration of collagen of the pars fibrosa of the valve with basophilic staining in this region caused by the deposition of acid mucopolysaccharides (proven by special histochemical techniques), in the absence of severe calcification or fibrosis, and no macroscopic evidence of rheumatic valvular disease (shortening, fusion, and thickening of the chordae tendineae of atrioventricular valves or commissural fusion of semilunar valves) (Fig. 1) .
It is important to emphasise that the key pathological feature, the entity which we define as primary myxomatous degeneration, involves significant disruption of the pars fibrosa. While the amount of myxomatous material found in the pars spongiosa was also increased in our patients, this latter feature is a common pathological finding and may represent a non-specific response to ageing, '2 Cardiac catheterisation had been performed in 12 patients. Angiograms were available for nine patients, with both a left ventricular angiogram and an aortogram in six cases, a left ventricular angiogram alone in two cases, and an aortogram alone in one case. Haemodynamic data were analysed in these patients, and a scoring system was designed to characterise haemodynamic status as a function of left ventricular end-diastolic pressure, cardiac index, and estimated left ventricular wall motion. Ejection fraction could not be calculated in most instances because left ventricular images were too large to fit in their entirety on a cineangiogram frame. Mitral and aortic regurgitation were graded from the left ventricular angiograms and aortograms in nine patients and from written reports in three patients. Grading was from 0 to 4+ using standard angiographic criteria. 30 To study the angiographic presence of mitral valve prolapse in five patients with mitral regurgitation in whom angiograms were available, the endsystolic left ventricular angiographic frame from the right anterior oblique projection was traced onto paper, with special attention paid to the outline of the mitral valve. These tracings, together with similar tracings of nine normal subjects, were graded as to the degree of mitral valve prolapse by three experienced angiographers in ignorance of the clinical data. Tracings were used instead of the actual angiograms to eliminate possible bias introduced by the presence of mitral regurgitation.
Results

CLINICAL DATA
Clinical data for the 14 patients are summarsed in Table 1 . The sex incidence was equal.Ages ranged from 29 to 73 years. All had had congestive cardiac failure for periods ranging from six months to six years. Ten of the 14 patients had experienced either a sudden onset or a distinct exacerbation of symptoms within the 10 months before surgery.
All patients had significant murmurs of mitral and/ or aortic regurgitation. Systolic clicks, confirmed by phonocardiography, were noted in three instances. No patient had a Marfan habitus, ectopia lentis, or arachnodactyly. There was one probable case of infective endocarditis, though no organisms could be cultured from this patient's valve.
ECHOCARDIOGRAPHIC DATA Echocardiographic data are summarised in Table 2 . Echocardiograms were performed in six of the seven patients with mitral regurgitation, four of the six patients with aortic regurgitation, and in the patient with disease of both valves. Left ventricular volume overload patterns compatible with mitral regurgitation were noted in all six patients with the mitral valve lesion. Late systolic prolapse of the mitral valve, or bulging of the entire mitral valve apparatus toward the left atrium throughout systole was seen in five of these. Five, too (83%) also showed echoes diagnostic of ruptured chordae tendineae.3s Two of the six, reported elsewhere,32 had dilatation of the (Fig. 2) . Three of the four patients with aortic valve myxomatous degeneration who had echocardiograms showed significant dilatation of the aortic root. In these three the aortic valve itself appeared normal though excursion was small in relation to the aortic root (Fig. 3) . Additional abnormal aortic echoes were present in two of these patients, possibly representing leaflet redundance, but though mitral valve prolapse was not documented in any of them, tricuspid valve prolapse was seen in one patient. Echocardiography in the patient with disease of both valves showed only left ventricular volume overload and mitral valve fluttering secondary to aortic regurgitation. about individual tracings (Fig. 4) . In the five patients with aortic valve disease who had angiograms, dilated aortic root was shown in one patient, a dilated ascending aorta in another, and a type III dissecting aneurysm in a third.
SURGICAL RESULTS
Surgical findings and complications are summarised in Table 3 . Mitral valve replacement was performed in all seven patients with mitral valve disease. Ruptured chordae tendineae were confirmed in five instances, and a dilated mitral valve annulus was found in five patients. A "floppy" appearance of the mitral valve was noted in three patients.
In four of the six patients with aortic valve disease, group.bmj.com on April 20, 2017 -Published by http://heart.bmj.com/ Downloaded from myxomatous degeneration described above. On macroscopic examination, no valve showed commissural fusion. One mitral valve had focal chordal fusion, but the diffuse chordal abnormalities chacteristic of rheumatic valvular disease33 were not present. Superimposed infective endocarditis was seen in one aortic valve. On microscopical examination, all valves showed prominent and uniform myxomatous degeneration of the pars fibrosa (Fig. 1) . Some degree of fibrosis without calcification was present in all valves.
FOLLOW-UP
Patients surviving operation have done well postoperatively (see Table 1 34 Numerous conditions including ageing,'0 rheumatic heart disease,' and Marfan's syndrome,35 have been associated with some degree of valvular myxomatous degeneration. As reported in the present study, primary myxomatous degeneration can be distinguished from these entities by histological criteria. The reported histological findings in the few valves excised from patients with mitral valve prolapsei4 18 19 appear to be identical to those of our patients with primary myxomatous degeneration.
Early investigations of myxomatous degeneration of the aortic valve linked this pathological entity to more generalised connective tissue disorders and suggested that it might be an arrested form of Marfan's syndrome. 4 Several subsequent studies failed to corroborate this' 2 and none of our patients had features of Marfan's syndrome. The condition is said to be commoner in men, but five of our six patients were women.
The other underlying conditions in secondary as well as in primary myxomatous degeneration which are possible causes of myxomatous degeneration were not found in our study.'0 Our data support the observations of Pomerance'0 and Roberts and Virmani33 that primary myxomatous degeneration can be distinguished from that secondary to rheumatic heart disease. No patient had positive serology for syphilis, and none had congenital abnormalities. The average age of our patients was relatively low (55 years). Nevertheless, while no specific underlying aetiology was found, the presence of tricuspid and aortic valve prolapse in addition to mitral valve prolapse in two of our patients (14%) and the presence of aortic aneurysms or aortic annular dilatation in three patients (21%) raise the possibility of a more generalised disorder. 
.bmj.com/ Downloaded from insisted upon, the incidence appears quite low-in our study 3 per cent (14/499).
The relation between primary myxomatous degeneration and mitral valve prolapse remains a significant and largely unanswered question. Interestingly, five of our six patients with primary myxomatous degeneration of the mitral valve had preoperative echocardiographic evidence of mitral valve prolapse. Whether the converse is always true is uncertain.
It has been argued that patients with primary valvular myxomatous degeneration show rapid clinical deterioration once symptoms appear, have more complications at operation, and do less well after it than patients who have valvular regurgitation of other kinds.2 Preoperative catheterisation studies in our patients showed a wide range of ventricular function and symptoms that had been present for anything from months to years. The rapidity of clinical deterioration is difficult to assess, since many of our patients were referrals from other institutions, but it is our impression that this was no greater in general than expected. Most of our patients with mitral regurgitation had experienced an acute onset of symptoms, a finding consistent with the high incidence of ruptured chordae tendineae in them.
Complications at operation are difficult to assess. In one of our 
